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Bartsch

assays including sub

to evaluate

assays

com

of hazardous
assessment.

environmental

the quantitative

104,

can

tests

short-term

to pre

contribute

significantly

diction of carcinogenic effects of chemicals inman.
Felkner,4 using a battery of bacterial assay methods including
Salmonella typhimurium, Bacillus subtilis, and biochemical
phage induction assay, emphasized desirability of utilizing a
battery of assays for evaluating potential health effects of pes
ticides and classic mutagenic/carcinogenic
chemicals. Dutka et
a variety

al.5 observed

to environmental

of responses

chemicals

using a battery of four tests, including the Beckman Microtox
toxicity analyzer. Bitton6 published an extensive review on bac
terial and biochemical assays and emphasized the importance
of using a battery of bioassays in chemical toxicity testing. Saf
fiotti7 described a tiered assay approach using increasing cellular
complexity to qualitatively indicate the impact of complex mix
on

tures

human

populations.

submammalian
and mammalian
Existing
were
and summarized
reviewed
by several

health

effects

authors.

tations

and

chromosome

mammalian

germ-cell

of environmental

changes

Heidelberger

et al.13

with

respect

germ

cells.9

The

cells

for assaying
chemically
was discussed.1011
functions
functions,

principles,

of the Ames Salmonella

for

hazards

data, except where data

in mammalian
sperm

in spermatogenic

introduced

dis

data

of genetic
problems

major

from experimental

exist for mutagenic
responses
use of human
and nonhuman
induced

summarized

Estimation

presents

mutagens

to extrapolation

and

aberrations
mutations.

assays

Alder8

induced mu

cussed in vivo systems for detection of chemically

Claxton12

P. A.,
Forth." Mar.

34. Read,

and

and mammalian

of

battery

25. Bell, S. S., "An Experimental
Between
Study of the Relationship
Below-Ground
Structure and Meiofaunal
Taxa." Mar. Bio. (G. B.),

Fjords."

to eval

bioassays

relationship between carcinogenicity and mutagenicity for 532
chemicals, concluded that development and application of a

Mar.

integrifolia."

use of short-term

characterization

samples,

using

mammalian
and Abundance

and

development

uate potential human health hazards of environmental chemical
exposure has been the focus of the U. S. Environmental Pro
tection Agency (EPA) Second and Third Symposia on the Ap
plication of Short-Term Bioassays in the Analysis of Complex
Environmental Mixtures.1'2 Topics addressed included devel
opment and applications of bioassays, collection and preparation

and Tomabis,3

24. Watzin, M. W., "The Effects of Meiofauna
on Settling Macrofauna:
Meiofauna
Communities."
May Structure Macrofaunal
Oecologia

et al, "Review

CURRENT APPROACH

ponents
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Estuarine Coastal and Shelf Sei, 16, 217 (1983).

26. Levings, C. D.,
and Contiguous

assays

Ronald C. Sims, Judith L. Sims,
R. Ryan Dupont

of environmental

"The Abundance

from

health

effects

Current

102,

27 (1983).
20. Fleeger, J.W., et al, "Spatial
of Meiobenthic-Hyperbenthic

Human

usages,

and

limits

typhimurium assay for mutagenicity.

reviewed

cell

transformation

systems

and

concluded that there is a reasonably good correlation between
results
that

of transformation
transformation

carcinogenic

potential

assays
of

assays

and

will

become

in vivo

environmental

and

carcinogenesis,

valuable

in assaying

chemicals.

the

Yunis14

pointed out thatwith the apparent association between consistent
chromosomal defects in cancer and specific carcinogens, it should
be possible to develop models inwhich the same chromosome

791

Fate and Effects of Pollutants
lesions that occur in vivo can be induced in vitro. Gardner et
al15 reviewed several toxicology models in in vitro toxicity testing
for prediction of health effects of environmental pollutants. A
test

of

survey

systems,

including
and

neurobehavioral

toxocity,
was
guidelines

sessment

mutagenesis,
end-organ

vironmental

1 evaluated

Committee

short-term screening tests currently in use for identifying agents
that have the potential to cause heritable damage in human
beings.17 The report addressed, in detail, topics related to bioassay
assessment

criteria,

selection,

bioassay

for bioassay

approaches

testing, test performance, and recommendations for test batteries
and for testing programs. Critical points that were suggested for
constructing a test battery include test performance in predicting
heritable germ-cell effects; relevance of test to the chemical class
being evaluated; inclusion of a representative of different genetic
endpoints; and use of protocols that meet minimal criteria as
defined by Gene-Tox, OECD, or EPA Test Standard Study
Designs. Heinze and Poulsen18 addressed the topic of optimal
design of a battery of short-term tests for detecting carcinogens
by constructing tables that describe the theoretical accuracy of
different batteries of tests. A total of 37 health effects test guide
lines and supporting documents have been promulgated by
EPA19 for addition to and substitutes for health effects guidelines
published by theNational Technical Information Service (NTIS)
in 1982.
Organ and species specificity in chemical carcinogenesis was
at

discussed

a

by

symposium20
risk

of mutational

from

other

that knowledge of im

host

in humans

factors

such

as diet,

immune

response,

and hormonal factors may be used along with identification of
specific metabolic products in the body as an assay to identify
individuals who are at high risk for induction of cancer. Host
factors

were

also

considered

by

Cancer

the National

Institute.24

Ames25 suggested combinations of human assays forDNA dam
age which can be assayed in blood or urine and used with
epidemiologic factors to determine whether it is possible to
identify human host factors that are indicators of significant
health risks with regard to exposure to environmental chemicals.
Maron and Ames26 published revised methods for the Sal
monella

test. Two

mutagenicity

new

tester

strains,

a frameshift

strain (TA 97) and a strain carrying an ochre mutation on a
multicopy plasmid (TA 102), were added to the standard tester
set. Minor

in procedure

changes

and other

special

strains

purpose

were presented. Finally, a new Journal ofEnvironmental Science
and Health,

Part

C?Environmental

Reviews,27

Carcinogenesis

was introduced in 1983.

sensitive

than

the Ames

test for several

tested,

compounds

and was said to be related to the DNA repair-defective nature
of the WP100 strain used. Combes29 indicated that bacterial
repair

tests

provide

potential
cinogen
that there are a

a valuable
for
large

certain
number

prediction
classes

of

tool

for human
but

compounds,

of procarcinogens

and

car
noted

indirect

the mutagenic

of aminofluorene

activity

and 4-aminobiphenyl. Both assays showed mutagenic activity
with bladder cell addition while no mutagenicity was observed
in the absence of bladder urothelium. Two microbial bio-assay
and the
procedures, theMicrotox Toxicity Analyzer System
Tchan

two-organism
dicator

bacterium,

which

procedure,

were

utilize

compared

in

luminescent

for 35 test chemicals.32

Results

indicated that theMicrotox
system was slightly more sensitive
for approximately half of the compounds tested, while the Tchan
procedure, which utilizes photosynthetic eukaryotic cells as well
as heterotrophic

was

procaryotes,

more

to photosyn

sensitive

thetic inhibiting herbicides.
A

of whole

number

to their

in relation

were
procedures
bioassay
as carcinogen/mutagen

cell

effectiveness

evaluated
screening

tools. Clive et al33 described an L5178Y mouse lymphoma cell
forward mutation assay that could be used in a battery approach
for mutagen identification. Sister chromatid exchange (SCE)
analyses as related to mutagen and carcinogen identification
were described by Allen et al,34 and SCE analysis of Armenian
cells

to chemical

exposed

and

mutagens

carcinogens

showed the versatility of the procedure for studying normal and
recombination

in mammalian

processes

cells.35

germ

Chinese hamster V79 cells were used to evaluate the role of
lindane, DDT, and chlordane in the initiation and/or promotion
of carcinogenesis

the use

through

communication

cell-cell
to be

tumor

and

of cytotoxic,

mutagenic,
were
compounds

The

assays.36

as

implicated

use

The

agents.

promoting

found
of mu

tagenicity o? Arabidopsis plant embryo for carcinogenicity de
tection

was

tation

tests,

to prokaryote

compared

cell

eukaryote

in vivo

and

mu

bacterial

tests,

repair
assays,

system

tests

in

terms of assay sensitivity and specificity.37 Of the carcinogens
tested 95%were detected asmutagenic in the Arabidopsis assay,
as compared to 16% to 88% sensitivity in the other assays eval
uated.
A

test

procedure

the

utilizing

fission

yeast

Schizosaccharo

myces pombe for the assay of presumptive mutagens with and
without metabolic activation was described by Loprieno et al3%
A method was described by Mayer and Goin39 for providing
activation by microbial flora of the intestinal tract and simul
taneously testing the potential genetic activity of breakdown
cerevisiae

Saccharomyces

used

to indicate

over

for cycasin

a ciliated

The genotoxic effects of 46 chemicals were evaluated using
rec assay.28 The rec assay was
the Escherichia coliWP2/WP100
more

to activate

urothelium

products.

TEST SYSTEMS

mixtures.

complex

Oglesby et al31 developed a bovine bladder cell-mediated
mutagenesis system using Chinese hamster V79 cells and Sal
monella typhimurium to investigate the capacity of the bladder

abnormal

to humans.

organisms

sys

assay

mutagenicity

in environmental

activity

hamster

Nesnow.21

and limits of extrapo

Bartsch and Armstrong23 emphasized
portant

and

Langenbach

Streisinger22 illustrated the potentials
lations

in the arabinose-resistant

improvement

tem using Salmonella typhimurium was reported by Whong et
al.30 and was shown to be highly effective in the detection of
mutagenic

for Protection Against En

and Carcinogens,

Mutagens

as

published.16

International Commission

The

carcinogenesis,
and risk
toxicity,

acting mutagens that do not require mammalian metabolism
for the development of positive responses in these assays. An

mutation,

gene

metabolism

protozoa,

Paramecium

by

were

test organisms

genetic

and mitotic

conversion,
rat cecal

organisms.
which

tetraurelia,

crossing
The use of
non

ingests

nutritive particles of 1 to 3 /mi, was described by Smith
Sonneborn et al40 Results indicated increased sensitivity of
to mineral

bioassay
The
means

mutagens

use

of

of

carcinogen/mutagen

submammalian

over

the

eukaryotic
screening

standard

test.

Ames

as an effective
species
was
emphasized
by

Graf et al,41 in a description of the use of the fly Dropsophila
in chemical
mutagenicity
melanogaster
sea urchin,
purple
Strongylocentrotus
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studies.
purpuratus,

Volume

Assays

using

indicated

56, Number

a

that
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_Fate
benzo(a)-pyrene caused significant embryonic cytotoxicity and
genotoxicity in the organism at levels as low as 0.5 ng/mL.42
Several authors discussed the relationship of carcinogen/mu
tagen

test

results

among

et al.44 pointed

and Gregus

species43'44

out that because of the hundred- to thousand-fold difference in
observed

often

response

interspecies

under

con

test

uniform

to mutagenic

exposure

compounds

or

(primarily

ganochlorine pesticides) was evaluated by Ellenton et al.,45 and
results indicated that herring gull egg extracts were not suited
for use as sensitive indicators of mutagenic activity of bioac
cumulated

compounds.

An approach to the assessment of human risk from exposure
to mutagenic

was

compounds

presented

Pero

by

and

of Ar-acetoxy-2-acetylaminofluorene.

Initial

studies

using

the assay procedure have indicated that individuals with high
blood

or

pressure

those

to

exposed

styrene

or

oxide,

ethylene

old people, males, and those having a genetic predisposition for
colorectal cancer were all at high risk if subjected to mutagenic

Samailoffef al.47 developed a protocol
ation of sediments and biological testing
tions were directly tested formutagenicity
typhimurium test and for developmental
redivivus

for chemical fraction
of the fractions. Frac
using the Salmonella
effects using the nem

These

assay.

assays

were

to

used

establish the major contaminants in sediments from two sites
on Tobin Lake, Saskatchewan. Sato et al4% tested sediments of
the Nagara River for mutagenicity using the Ames test. Sedi
ments

with

extracted

ether

under

neutral,

acidic,

and

basic

con

ditions exhibited mutagenicity in all fractions and especially in
the neutral fraction. Chemical analyses of the sediments showed
the presence of several polycyclic aromatic hydrocarbons. The
role of nitrite ions in the formation of mutagens in natural
waters contaminated with aromatic hydrocarbons and irradiated
with UV lightwas investigated by Suzuki et al.49 using the Ames
assay.
concern

has

been

expressed

over

the

potential

long-term health effects of trace organic contaminants present
in drinking water supplies or formed in the chlorination process.
A

case-control

mortality

study

of

cancer

occurrences

between

1960 and 1975 in south Louisiana population groups using the
Mississippi River as their source of water supply was described
by Gottlieb and Carr.50 The relationship between water supply
quality and bladder cancer occurrences evaluated by Cantor51
indicated that epidemiological studies based on death certificates
may

the actual

underestimate

risk

of water-related

carcinogens.

Kanarek and Young52 utilized logistic regression to estimate the
relative risk of female cancer mortality from chlorinated water
as affected

by water

organic

content

and

occupation,

marital

status, and urbanicity of the sample population. Recent health
effects investigations of selected potable water supplies were
reevaluated by Tiernan53 with regard to the probability of a
causal

as to water

versus

noncausal

epidemiological

association.

Studies

which linked drinking water to increased cancer mortality were

June 1984

routes

of trichloro-

and

tetrachloroeth

Italy were

in Milan,

evaluated

levels.

consumption

Organic contaminants isolated from drinking water supplies
from five U. S. cities were shown to cause slightly increased
tumor production inmouse skin initiation/promotion
studies,
with

one

only

occasion

producing

con

over

increases

significant

of Kyoto

and 3-(2-chloroethoxy)-l,2-dichlo
City river waters,56
was
as a promutagen
identified
component
water
fraction
of a drinking
nonvolatile
sample
using

phase high-performance

liquid chromatography

Ames

Harrington

assay

procedures.57

in the Ames

response

tagenic

et al59

Salmonella

tap water.
on the

unconcentrated

ilized,

reported

et al5S

formation

reverse

separation/
a mu

reported
with

assay

the

of

ropropene

water

drinking

filter-ster

com

of mutagenic

The

organics.

1,3-dichloroacetone

compounds

and 2-chloropropenal were identified in chlorinated humic acid
and were

solutions,60

as contributing

suggested

to the mutagenic

activity of chlorinated water supplies. Chlorination products of
aromatic

polynuclear

containing

hydrocarbon

waters

drinking

were found to be reaction pH specific61with oxygenated epoxides,
phenols, and qui?ones, produced at pH > 6, while at pH < 6,
and

qui?ones

chlorinated

were

species

rophenol

on

be

feto-

may

rat reproduction
or embryotoxic

and

that

found

at high

Exon

observed.

Koller62 evaluated the effect of 2-chlorophenol
doses.

and

and pentachlo
these

compounds
et

Tsuda

However,

al63 reported inactivation of potent pyrolysate mutagens by
chlorinated drinking water. A glass of chlorinated tapwater ( 150
mL) containing 1.5 ppm of residual chlorine can break down
about

tig of

200

atogenic

Continued

intake

air

pounds from the chlorination of humic acids and suggested the
use of their results formodeling mutagen formation from chlo
rination of the largely uncharacterized nonvolatile fraction of

ENVIRONMENTAL SAMPLES

Panagrellus

and

and

through the measurement of plasmatic levels of the human
metabolite trichloroacetic acid (TCA) in various exposure groups
in the area.54Measured differences in TCA levels were highly
significant and were related to individual characteristics as well

Meier

exposure.

atode

exposure

via water

trols.55Frame-shift promutagens were identified inXAD extracts

Lund

Pero.46 This approach entailed the estimation of DNA damage
to human leukocytes cultured in the presence of a standardized
dose

suggested.
Human
ylene

ditions, extrapolation of xenobiotic effects from one species to
another is risky at best.
The use of herring gull eggs as indicators of potential envi
ronmental

shown to exhibit high statistical significance and consistency,
and yielded definite dose response relationships. A maximum
contaminant level for mutagenic activity in potable water was

effects

the pyrolysate
in the rat of
and

dichloromethane,
because

chloroform

embryotoxic
were

effects

effects

within

mutagens

were

chlorodibromomethane
has

by

oral

to produce

shown

been

routes

of

exposure;

Ter

minutes.

bromo

bromoform,

chloroform,

investigated
fetotoxic

no

and

teratogenic

observed.64

Chlorine dioxide is seriously being considered as an alternative
for water

and

chlorination,

a number

of studies

were

concerned

with the health implications of this potential chlorine substi
tute.65'66'67 Animal

tests

conducted

using

chlorine

dioxide

treated

water showed reduced rat pup weight and hematological changes
upon chlorite exposure at 100 ppm levels;68marked hemato
logical changes in rats, mice, and chickens at high doses (up to
1000 mg/L) of chlorine dioxide, chlorite, and chlorate;69 and
thyroid metabolism inhibition in African Green monkeys at a
chlorine dioxide dose of 9 mg/kg d.70
A method for concentration of low levels of mutagens in
drinking water prior to biological testing was described by Jenkins
et al.71 and consisted of low pressure filtration followed by high
pressure

pumping

through

XAD-2

and XAD-7

macroreticular
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AGMP-1

resins,

anion

resins.

exchange
and XAD-2

RO

resin

and

resins,

exchange

preconcentration,

liquid-liquid

were

concentration

AGMP-50

cation
extraction,

in the evaluation

used

of

the effectiveness of activated carbon filters in removing mutagens
from

water

water

drinking

Even

samples.72

with

"exhausted"

carbon,

compounds were selectively removed from drinking

mutagenic

Potassium

samples.

ferrate

oxidation

for priority

evaluated

the Ames

using
was

products
96 000-fold

observed

via XAD-2,
resins.
7, and eight
samples
A rapid measurement
for water
technique

assay.73

was presented by Leach et al.74which utilized HeLa cells growing
on microcarrier beads and incubated with radiolabeled (3H)
in the sample after incubation was
thymidine. Radioactivity
used to indicate percent inhibition. Nickel chloride fetotoxicity
was assayed by administering dosages of 0, 500, and 1000 mg/
L to pregnant rats in drinking water.75 Dosages of 1000 mg/L
caused

abortions

spontaneous

loss

and weight

in fetal

survivors

and mothers.
Risk

assessment

for complex

analysis

mixtures

and

for diffuse

sources of input was addressed by Hedden et al.76 through the
integration of atmospheric (DiDOT), land surface (NPS), surface
water (EXAMS), and potable water treatment (STP) fate and
models.

transport

et al.77

Crouch

a probabilistic

presented

ap

proach to the question of risk quantification where data gaps
and major uncertainties exist regarding component toxicity/
mutagenicity and complex mixture interactions. A probability
distribution rather than a single risk value was generated which
incorporated uncertainty into risk prediction.
environmental
Complex
were
in several
evaluated

mixtures

as

industrial

wastes

potential

health

effects.

such

studies

for

Effluents from the pulp and paper industry have been shown
to exhibit mutagenic potential both in bacterial assays and in
in vitro

mammalian

assays.

identified

compounds

Forty-two

pulp and paper mill effluent were screened by Nestmann
Lee78
assays.

for reverse
Eight

mutations

and

gene

conversion

showed

compounds

frequencies,
ing reversion
of gene
convertants
per

but

mutagenic
none
induced

plate.

Kamra

by

absolute

et al.79

and

two yeast

using
activity

in

increas
increases

found

that

an

XAD-2 resin concentrate of chlorination-stage pulp mill effluent
induced mutations in three of five strains of Salmonella typhi
murium. The presence of either S9 mix, S9 mix without co
factors,

or heat-inactivated

Dose-related
nation,
evisiae

and

increases

S9 mix,
in gene

reduced

the mutagenic

conversion,

mitotic

aberrant

strain D7

formation
colony
also were found. Kringstad

effects.
recombi

cer
in Saccharomyces
et al.90 demonstrated

that the mutagenicity of spent chlorination liquor from the
bleaching of softwood kraft pulp as measured by the Ames test,
strain TA 1535, will decrease to low levels within a matter of
weeks or shorter periods of time when such liquors are stored
under neutral or weakly alkaline conditions. NTIS81 published
a bibliography concerning the human health hazards of toxic
pulping and paper-making effluents to people within the plants
as well

synfuel

mixtures.

prod

et al.96

of short-term

less than

com

that of the parent

a study

conducted
in monitoring

bioassays

Results

assay.

mutagenicity

to evaluate

the utility

the environmental

impact

of land treatment of hazardous industrial wastes. A battery of
bioassays capable of detecting point mutations, DNA repair,
and chromosome damage was used. Soil degradation did not
result in an appreciable reduction of the mutagenic potential
of three industrial wastes after 360 days, although the residual
hydrocarbon in the soilwas reduced by asmuch as 75%. Bioassay
Systems Corp.87 developed a battery of screening bioassays to
use in the assessment of the environmental and health effects
of

coal

various

conversion

wastes.

solid

use

The

of

different

biological systems and the use of different end-points allowed
a more

accurate

because

profile,

toxicological

the

toxic,

mutagenic,

phytotoxic).

environmental

and

of

aspects

(acutely

summarized

Langerwerf88

gentoxic

were

assays

indicative of different deleterious biological activities
the application

the
of chro

mium in the leather industry.
The toxic characteristics of municipal wastewater sludges were
investigated by several researchers in order to develop environ
mentally sound methods of ultimate disposal. Babish et al%9
tested dichloromethane extracts of sludge samples from 34 cities
for mutagenicity by using the Salmonella/m&mmdXiaxi micro
some

Of

assay.

the 34

in revenants

increase

in at

a dose-related

33 demonstrated

samples,

one

least

of

tester

the five

strains.

No association was seen between the independent variables of
percent

wastewater

industrialization,

treatment

and

scheme,

chemical additives when tested individually against mutagenicity.
Hopke and Plewa90 subjected samples of five Illinois municipal
wastewater
termine

to a multiorganism

sludges
mutagenic

activity.

Mutagenic

activity

to de

program

testing

was

in

observed

sludges from Chicago and Sauget, but sludges from primarily
domestic sewage did not appear to contain mutagens. The Ames
assay

mutagenicity

was

used

et al91

by Clevenger

screen

for the

ing of sludges from five Missouri wastewater treatment plants.
No mutagenic potential was indicated in any of the sludges
with any of the five Ames tester strains, although several sludges
had high enough ratios to warrant further study.
of a conference92

Proceedings
state-of-the-art
following

Topics
studies,
chosocial

regarding
exposure

possible

aspects

approaches

of chemical

of

to chemicals

included field experiences
epidemiol?gica!

a summary

provided

assessment

waste

human

research
and

dumps,

effects

waste

from

from population
and

of current

health

dumps.

exposure
needs,

research

psy
needs

in the evaluation of the toxicity of complex chemical mixtures.

as outside.

The evaluation of health hazards of effluents from the energy
producing industry has continued to receive attention. Frazier
and Andrews82 modified the Syrian hamster embryo (SHE) cell
transformation

transformation

potential of degradation products

are much

PNAs

Brown

pounds.

toxicity

and

microsome

indicated that the mutagenic
of soil-treated

sample

wastewaters

conversion

ucts in soil treatment systems by fractionating soil extracts into
polarity classes for testing with the Ames Salmonella typhi
mwriwra/mammalian

following
of treated

concentration

in coal

found

pollutant

removal from drinking water in terms of mutagenic/carcinogenic
was
formation
by-product
No
of mutagenic
production
even after
ferrate treatment

tential genotoxic agents not detectable by the Ames test.Hinchee
et al}3 studied the potential mutagenicity of aqueous leachates
from spent oil shale using the Ames assay. Results indicated
that the mutagenicity of TOSCO spent shale leachate will be
low. Sims and Overcash84 and Sims et al}5 reported on the
determination of the genotoxic potential of PNA compounds

assay
The

to allow

methods
SHE

assay

allowed

the

assay

of

the detection

complex
of po

SPECIFIC CHEMICAL SUBSTANCES
Singh93 screened 24 metal compounds
tagenicity

and

794

carcinogenicity

using

Journal WPCF,

the

for evidences of mu
yeast

Volume

Saccharomyces

56, Number

6

and Effects of Pollutants

_Fate
cerevisiae to test for the induction of gene conversion and reverse
mutation.

sulfate

manganese

Only

and

dichromate

potassium

gave strong positive responses for both conversion and reverse
mutations. Three compounds gave strongly positive results for
one

of

results

the parameters,
for one or both

the cadmium

not

did

salts,
in this

mutation

five

compounds

gave weakly
14 compounds,

and

parameters,
induce

either

conversion

assay.

et al.95

Bianchi

a comparative

conducted

on

study

the

genetic effects of the same chromium compounds on different
test

in order

systems

to evaluate

the

of

significance

results

ob

cultured

hamster

sister-chromatid

cells,

in mammalian

transformation

cells

and

exchanges,

grown

in vitro.

cell
was

Cr(VI)

active in all test systems, except in the induction of DNA damage
and DNA repair synthesis in cultured cells. Cr(III) was inactive
unless a direct interaction with purified DNA was permitted.
et al.96

Leonard

reviewed

data

teratogenicity of mercury
positive

that mercury

reports

concerning

compounds.

is carcinogenic

and

mutagenicity

Though

embryo

toxicity and teratogenicity of organic mercury compounds have
been

mammals.

EPA

the

nickel,98

environment
and

for

systems

such

issued health assessment

current

summarized
and

in numerous

observed

information
for

concerning

inorganic

chromium.99

An

arsenic
addendum

as fish,

documents
effects

which

for

Bos

compounds.

et al.104 determined,

servative,

creosote,

contrary

for

cadmium100

to a report

in the Ames

test,

issued

indicating

100. 2-aminoanthracene

for

mutagenic
potent

the

respective

TA

strain

When

mutagen.
acetamido

compared
were

derivatives

was

to the parent

the

amines,
less mu

consistently

tagenic.

Protic-Sabljic and Kurelec110 demonstrated with the Ames
test that polycyclic aromatic hydrocarbons can be metabolized
intomutagenic metabolites by carp liver. This ability is enhanced
with pretreatment of the carp liverwith several xenobiotic com
Suzuki

pounds.

atives,

et al.ul

showed

in the Ames

tagenesis

and

that

nitrotoluene,

without

mutagenic

potential

norharman.
of

deriv
nitrochloro

nitroanisole,

were

of the compounds

None

nitrobenzaldehyde.

mutagenic

mu

norharman-induced

the mono-nitrobenzene

for

assay

nitrobenzene,

et al.112

Beland

evaluated

adducts

arylamine-DNA

the
S.

using

ty

phimurium strains TA 1535 and TA 1538. Results suggested
that the compounds may be ultimate bladder carcinogens. A
study by Connor et alU3 demonstrated a mutagenic response
with formalin in the Ames assay, though other studies have
reported formalin to be negative in plate assays with Salmonella.
Temcharoen and Thilly114 also found that formaldehyde was
toxic and mutagenic, using Salmonella typhimurium strain TM
677, both in the absence and in the presence of Aroclor-induced
supernatant.

post-mitochondrial

and

Szyba

Lange115

used Ames tester strains TA 98 and TA 100 to evaluate the
enhanced mutagenic effect of benzo(a)pyrene when adsorbed
onto

asbestos

fibers.

chemicals

et al.,116

Bronzetti

a

concern.

of environmental

using

cerevisiae

Saccharomyces

host-mediated

Perchloroethyl

tested for genetic effects by

TCE),

no

showed

assay,

in

the

and

effects

genetic

in either assay. However, TCE was demonstrated to interfere
with the action of metabolic enzymes, which eventually might
result in the formation of mutagenic and carcinogenic metab
olites of other compounds. Nine priority pollutants were eval
uated by Booth et alul for potential reproductive hazards. The
maximum tolerated dose (MTD), determined by adult mortality
loss, was

and weight

genetic hazard to exposed humans. The mutagenicity of sub
stituted phenanthrenes in the Ames test was investigated by
LaVoie et al.106This study suggested that structural requirements
that inhibit the formation of 9,10-dihydrodiol favor mutagenic
activity of substituted phenanthrenes. Pelroy et al.107 tested the
mutagenicity of three- and four-ring polycyclic aromatic sulfur
heterocycles in the Ames standard plate incorporation test and
a liquid pre-incubation modification of the Ames test. Only one
of 4 three-ring compounds was mutagenic while 7 of 13 four
ring compounds were mutagenic. A novel polycyclic aromatic
hydrocarbon (PAH), benz(j)aceanthrylene, was shown by San
gaiah et al.m to be mutagenic with metabolic activation in the
five Ames tester strains, with a similar level of mutagenic activity
as benzo(a)pyrene. This compound contains both the cyclopenta
fused ring associated with the biological activity of cyclo

June 1984

were
most

trasanguineous

of Agriculture,105 that the wood pre

is mutagenic

S9. With

without

for strain TA 98 and 16 of 19

ene (tetrachloroethylene,

was published emphasizing mutagenic and carcinogenic health
effects. NTIS compiled bibliographies concerning toxicity, car
cinogenicity, environmental pollution, and other hazards of
nickel101 and arsenic,102 and health effects of zinc.103
The Ames Salmonella typhimurium/microsome
assay was
extensively used to test mutagenic effects of various organic
by the U. S. Department

tested

S9, 15 of 19 were mutagenic

of organic

on humans

compounds,97

when

mutagenic

for muta

typhimurium test. None of

Other test systems were also used to evaluate the health effects

and

birds,

were

et al109

by Connor

assayed

genicity using the Ames Salmonella

rat-liver

there are no

in man,

were

amines

benzene,

tained in different systems. The induction of genetic effects pro
duced by soluble Cr(VI) and Cr(III) were investigated in seven
tests indicative of genetic damage: infidelity of DNA replication
in vitro,DNA damage in vitro,DNA repair synthesis in cultured
mammalian cells, gene mutations in Salmonella typhimurium
and

aromatic

the compounds

positive
including
or reverse

The widespread appearance of relatively soluble forms of
arsenic as a consequence of industrialization prompted McCabe
et al.94 to investigate the effects of chronic subacute exposure
to arsenic compounds. Using human and bovine peripheral
blood lymphocytes, they found that arsenic compounds may,
by potentiating mitogenesis, increase the possibility of errors in
DNA replication, some of which could be potentially carci
nogenic.

penta[cd]pyrene and the bay region feature implicated in the
PAHs. Nineteen
activity of many other mutagenic/carcinogenic

to pregnant

administered

white

mice.

Di

methyl sulfate (DMS) and monomethyl sulfate (MS) were tested
by Tan et a/.118 in the Chinese hamster ovary/hypoxanthine
system.
(CHO/HGPRT)
guanine phosphoribosyltransferase
Only DMS was cytotoxic and mutagenic to CHO cells. However,
light caused

near-ultraviolet

an approximately

two-fold

decrease

in the mutagenic and cytotoxic effects of DMS. A mammalian
in vitro test, the baby hamster kidney (BHK) cell transformation
assay was used by Hay119 to test the mutagenic properties of
TCDD gave a
TCDD (2,3,7,8-tetrachlorodibenzo-p-dioxin).
clear,

positive

and/or

response

in the

in vitro mammalian

et a/.120

test. Allen

cell

to evaluate

systems

in vivo

used
sister

chro

matid exchange induction and gene mutagenesis effects following
exposure

to several

carbamates.

Eleven

nitroso

derivatives

were

examined by Parodi et al.m for quantitative correlation between
induction of sister chromatid exchanges (SCEs) in vivo and car
cinogenic

potency.

This

correlation

relations of alkaline DNA

was

compared

fragmentation

with

in liver DNA

the cor

in vivo

795
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and of the Ames test. DNA damage was slightly more predictive
and the Ames test less predictive than SCE evaluation for this
of

class

because

However,

compounds.

other

com

of

classes

pounds have shown different correlations, the authors suggested
that a battery of tests be used to optimize sensitivity of carci
potential

nogenic

tests.

indicator
of an

Proceedings
and mutagenic

international

N-substituted

on

carcinogenic

was

published.122

conference
compounds

aryl

and

activation
molecules,

detoxification,

carcinogen

and

mutagenesis,

organ

to macro

binding
and

specificity

pathogenesis.

The National Cancer Institute sponsored systematic studies
of classes of chemicals in order to nominate chemicals for studies
of carcinogenicity. Reports on these studies for ethers,123 aryl
were

and metals125

sulfonamides,124

prepared.

SPECIAL ASPECTS OF BACTERIAL ASSAYS
Awerbuch and Sinskey126 tested a mathematical
to calculate

and mutagenic

half-life

model used

concentrations

of chemical

carcinogens from the diffusion bioassay with different strains
of Salmonella typhimurium. For strains tested, including his G
46, TA 1950, TA 1535, TA 100, half-life and strain sensitivity
for N-methyl

were

(NG)

N'-nitro-N-nitrosoguanidine

the same. Moore and Felton127 described a model
on

based

assay

plate

incorporation
versus
time

revertants

integrated
of a growth

characteristics

which

regression

could

investigated the relationship between growth

in the Ames

reversion
or

for the Ames

for a microcomputer.

Barber et al.m
mulative

least-squares

simple

be programmed
and

linear

essentially

It was

curve.

concluded

assay.

The

cu

curve

had

the

that mutagenic

chemicals must be present during the bacterial growth cycle,
about

4 to

16 hours

after

in order

plating,

to revert

tester

strains.

Itwas suggested that short-lived chemical mutagens should pro
duce enhanced results if plated 6 to 8 hours after the bacteria.
Khoudokormoff129
investigated the influence of the popu
lation of cells of Ames Salmonella typhimurium strains on the
number

revenant

induced

and

of spontaneous

observed

colonies

after 24 hours of incubation of the amino-acid-enriched medium.
Results indicated that whether the frequency is scored after 24
hours or 48 hours, a 200-fold increase of the inoculated pop
ulation per plate hardly leads to a two to four fold higher number
of spontaneously
medium

agar.

revertant

appearing

observations

previous

after

MacPhee

However,

which

colonies,

agrees

on unsupplemented

48 hours,

and

with
hasic

determined

Pallister130

that variations in plating density of strain TA 98 can significantly
affect

the

of

result

the Ames

that for some

concluded
in complex

types

assay.

plate-incorporation
which
of mutagens
to increase

it is possible

mixtures,

They

may

be present

assay

sensitivity

by decreasing bacterial inoculum size (2,4-dinitrophenylhydra
zine), whereas with others, which act like 2-nitrofluorene, it is
better

to

increase

Horn et al131 used the statistical procedures recently described
by Bernstein et al.,132 and a large data base of Salmonella test
results

to examine

induced

mutation
potency.

tagenic

between
1537,

the
and
A

and TA

to compare

correlation

spontaneous
1535. Arce

between

association

spontaneous
measures

alternative

analysis

indicated

and induced mutation
and Grunberger133

and
of mu

an association

for TA 98, TA

reasoned

that many

of the problems resulting in the variability of dose response
could be eliminated by expressing the dose in terms of cellular
reaction

products

rather

than

as the concentration

one

of the parent

on

concentrated
of polygenes,

mutations

have

character,

been

discrete

muta

major

deter

genes

cooperating
omitted.134

Aeschbacher et al135 determined that free histidine and his
tidine in the form of dipeptides interact with the Ames muta
genicity test, that this event becomes especially important for
test substances exhibiting only weak mutagenic activity, and
that this therefore suggests that solvents including alcohols, esters
and aliphatic hydrocarbons that minimally react with the test
material be used for extraction. Vithayathil et al136 reported a
protocol that utilizes Ames tester strains in the presence of
histidine, and allows scoring of mutations in more than one
locus. With this multiple indicator test, it is possible to use a
single tester strain for the detection of different classes of mu
results

with
tagens,
same number

of

as more

reported

(mutants/

quantitative

survivors).

effects of individual

involved with determining

Problems

in test

chemicals

a significant

represent

systems

of bac

aspect

terial mutagenesis testing, de Kok et al137 assessed factors that
in
modulate ethyl nitrosourea (ENUA)-induced mutagenesis
bacterial systems and that determine the biological half-life of
ENUA in solutions of varying pH, temperature, and compo
sition. Decomposition of ENUA proceeded rapidly in presence
of nucleophiles (water, agar) and at a relatively high temperature.
McCoy et a/.138 reported that the Salmonella typhimurium strain
TA 98/l,8-DNP6
is resistant to the mutagenicity of 1,8-dini
tropyrene
the

an

it lacks

because
of

formation

the

esterification

ultimate

needed

enzyme

mutagen.

and

Haugen

for

Peak139

observed that complex mixtures of aromatic compounds isolated
from coal-derived oil suppressed the mutagenic activity of
and

benzo(a)pyrene
and

nofluorene,

2-ami

7,12-dimethylbenz(a)anthracene,

the Ames

in

measured

acetylaminofluorene

rat-liver S9.
assay using strain TA 98 with Aroclor-induced
Results indicated that themixtures inhibited metabolic activation
by themicrosomal monooxygenase system, probably by binding
unidentified components to cytochrome P-450. Resulting in
hibition of mutagenesis may have implications for risk estimates
for complex mixtures containing PAH components. Modifi
cations of the sample preparation scheme for fossil-derived oils
for bacterial mutagenicity
testing with the Ames assay were
et al140

by Ma

developed

The

and

preparation

scheme

analysis

included partitioning between DMSO and cyclohexane, incor
porating surfactant, direct slurrying inDMSO, and computing
mutagenicity by summing the contributions of individual class
fractions.

was evaluated by Walters and Combes141 for

A methodology
use

size.

inoculum

have

tests

mutagenicity
tions, while
mining

Topics included epidemiology and human exposure, metabolic

adduct formation as
for the lack of quan
carcinogenic potency
tests is that present

compound. The investigators used DNA
the indicator of dose. A reason presented
titative correlation between mutagenic and
of chemicals in short term mutagenicity

in the Ames

assay

using

a microsomal

system

metabolizing

derived from villous tip cells of rat small intestine. Maximum
in revenants

increases

of dose-related

yields

for promutagens

or S9 mix.

were lower than those detected with livermicrosome
The

use

of S9

in the detection

sitivity

be

sen

activities

the mutagenic
and

greater

of

2-aminoanthracene,

compared with those observed with using S9 from

noninduced,
Aroclor-induced
could

of

Aroclor-induced,

benzo(a)pyrene,

gave much

chickens

from

fractions

rats.142

used

with

the

It was

suggested

that

2-aminoanthracene

chicken-liver
class

of

S9

aromatic

amines.
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ples with an 0.2 M KC1-HC1 solution at pH 2.2.5 Over 13
months, 919 respiratory specimens were submitted to the clinical
microbiology laboratory, Ohio State University Hospital for Le
gionella culturing. Using a base medium of charcoal-yeast extract
and ketoglutarate, a semi-selective one could be formulated
with the addition of suitable antibiotics: polymyxin B, aniso
and

mycin,

vancomycin.
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0.2 M KC1-HC1 for 5minutes and again, 0.1 mL volumes spread
on each of the two media. Colonies that developed were tested
by direct immuhofluorescent microscopy using monospecific
antisera to serogroups 1 through 6, inclusively. There were 51
samples positive for Legionellae, 20 from acid pretreatment
only, 5 from direct inoculation only, and 26 from both methods.
The study clearly showed that the semi-selectivity of the anti
biotics in the base medium clearly outperformed the base alone
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Twenty

four cases of human disease in Iowa have been reported with
isolation of etiologic agent from hospital water supply.6 Envi
ronmental samples included swabs of shower and sink outlets
after removal of shower heads and aerators. The epidemiological
and clinical features were similar to those reported in the lit
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authors

the VA hospital of Pittsburgh, Penn, therewas uncertainty about
the wisdom of performing environmental cultures of L. pneu
mophila and of the efficacy of eradication measures. This study
used a spread plate technique of 0.1 mL volumes of water or
sediment suspensions on selective and differential dye-containing
mediums. Colonies were confirmed by direct fluorescent anti
body testing or slide agglutination procedures.
This report4 enlarged on an earlier study which had shown
that one could increase the yield of Legionella pneumophila

contaminated

An earlier study at theUniversity of Leiden (TheNetherlands)1
had incriminated a new subtype of Legionella pneumophila,
designated Le-1, as etiologic for at least six cases of nosocomial
infection. It was believed epidemiologically, that the infective
the growing
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used
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The

pneumonia.3

Two modes of transmission of Legionella pneumophila have
been incriminated in the recent years of waterborne origin: drift
from contaminated air conditioning heat-rejection devices, and

of

bacterial

Pittsburgh

174 of Pittsburgh pneumonia, and 7 of dual infections.Whenever
monthly water supply site positivity exceeded 30%, cases of
Legionella-associated infection followed in those months. When
site positivity fell to 20% or less, (after high heat treatments)
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hospital water supplies by Legionella pneumophila or Pittsburgh
pneumonia agent and subsequent cases of nosocomial Legion

authors
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presented

transmission of Le
evidence

of

airborne

transmission using agents directly taken from hot water supplies
and aerosolized at 5.3 X 103/mL.
links were found between contaminated
Epidemiological

with

most

cases

being

male,

and

immunocompromised,

with underlying disease. Legionella isolates were readily obtained
from outlets and the hot water system; and could not be isolated
from

cold

water

line

samples.

The

corroborated

authors

earlier

literature hypotheses concerning ingress of organisms initially
in low numbers from outside, then proliferation in the hot water
systerns with dissemination to peripheral outlets where they
reside

in sediments.
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1979, 58 patients with Le
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of Vasteras,

Sweden.7 All had been in town for the several weeks preceding
symptoms. The predominant symptoms included: high fever,
headache,
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800
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